CLARREDO Pathfinder Inter-Calibration Workshop
NIA, November 16, Hampton, VA.

AGENDA

Workshop objectives:

- To discuss potential inter-calibration application for CLARREO Pathfinder mission
- To understand radiometric and operational specifics of the inter-calibration sensors
- To discuss the inter-calibration science impacts

08:00 Welcome, logistics (C. Lukashin, 5 min)

08:05 Workshop objectives and Agenda (C. Lukashin, 5 min)

08:10 CLARREO Pathfinder Status (G. Fleming, 20 min)

08:30 CLARREO Pathfinder Requirements, Objectives, Data Products (C. Lukashin, 30 min)
09:00 CLARREO Pathfinder instrument and payload capabilities (Kopp/Smith/Brown, 30 min)
09:30 Discussion (All, 15 min)

9:45 Break

10:00 CERES performance, PSF, and inter-calibration priorities (N. Smith/S. Thomas, 30 min)
10:30 VIIRS performance, inter-calibration priorities (J. Xiong/A. Wu, 30 min)

11:00 Landsat & surface sites inter-calibration needs and priorities (K. Thome, 30 min)
11:30 Discussion (All, 15 min)

11:45 Lunch

13:00 Inter-calibration of GEO imagers and GSICS activities (D. Doelling, 30 min)

13:30 Inter-calibration RSR correction tools (B. Scarino, 30 min)

14:00 TRUTHS Cross-calibration Uncertainty Tool: Status and Way Forward (J. Gorrono, 30 min)
14:30 Discussion (All, 15 min)

14:45 Break

15:00 Inter-calibration needs for GERB and SEVIRI (J. Russel et al., 30 min)

15:30 Planet Lab calibration and inter-calibration (A. Jumpasut et al., 30 min)

16:00 Developing spectral polarization distribution models (PDMs) for CLARREO inter-calibration
applications (W. Sun, 30 min)

16:30 Discussion, Summary, Actions, Conclusion (C. Lukashin and All, 30 min)

17:00 End of Workshop
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GSICS goals

An international organization aim to harmonize retrievals across sensors for climate monitoring, weather forecasting and environmental applications, by providing consistent calibration

Global Space-based Inter-Calibration System (GSICS)

http://gsics.wmo.int

Calibration strategy using best practices uniformly across sensors

Monitoring instrument performance

Operational and historical inter-calibration of satellite sensors

Anchoring measurements to an absolute references

Such as CLARREO, the moon

Provide the retrieval community calibration coefficients





GSICS calibration activities

The GSICS effort is divided into sub-groups

UV, visible/near IR, IR, microwave, solar spectra, GPM precipitation

GSICS processing and research centers

CMA, CNES, EUMETSAT, ISRO, IMD, JAXA, JMA, KMA, NASA, NIST, NOAA, ROSCOSMOS, ROSHYDROMET, USGS, WMO

GSICS calibration products available

Geostationary IR calibration coefficients referenced to IASI and AIRS

GSICS VIS/NIR calibration efforts

Current focus is to calibrate the geostationary sensors

Use the moon, and deep convective clouds to transfer the NPP-VIIRS reference calibration

Should be ready shortly







GSICS to use NPP-VIIRS as the visible calibration reference

Many of the VIIRS and 3rd generation GEOs have very similar spectral response functions

This reduces the uncertainty of SBAF to account for spectral band differences

NPP-VIIRS and the follow on VIIRS onboard JPSS-1 to JPSS-4 will allow the transfer of the reference calibration between VIIRS sensors and ultimately to CLARREO

The MODIS instruments are ageing and require more onboard calibration adjustments such as response versus scan (RVS) corrections 
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NPP-VIIRS more closely resembles the 3rd generation GEOs than Aqua-MODIS bands, especially for SWIR bands

Comparison of MODIS, VIIRS and GEO imager reflected solar bands





NPP-VIIRS level1B datasets

Some of the NPP-VIIRS level1B datasets/calibrations

NOAA IDPS (Interface Data Processing Segment) (Changyong Cao)

NOAA ocean color group 

NASA LandPEATE (Jack Xiong), 03110, Ver1, Ver2 

NASA ocean color group

NASA aerosol optical depth group

Every retrieval group and project has different requirements for VIIRS calibration

CERES requires stability for the whole processing Edition and consistent GEO calibration with MODIS 

Other projects would like the most absolute accurate calibration

Ocean color requires the polarization and space count to be accurately charaterized

Does each retrieval group need an optimized calibration?





Can level 1A calibration modules be as traceable as level 1B datasets?

Rather than downloading every version of Level 1B VIIRS calibrated data, the level 1A is archived once and during retrieval processing the a calibration module is applied 

The CERES project has 2 versions of Terra and Aqua MODIS level 1B (sub-setted) datasets that amount to 0.5 PB, amounting to large storage requirements and cost

Can all the instrument data be saved in level 1B, that is now in level 1A

Every retrieval group and project has different requirements for VIIRS calibration

Each retrieval group can then have its own calibration module, without having to distribute many versions of level-1B calibrated data

If there is a calibration anomaly, such as the Terra-MODIS water vapor anomaly, calibration modules would significantly decrease latency between versions

Retrieval groups could test/process the new calibration, without having to wait for level 1B processing 





Calibration module advantages

Currently GSICS can only update the overall temporal calibration on level-1B datasets

GSICS can correct more instrument anomalies with the level-1A

If there are any instrument specific updates required, such as mirror side differences, response versus scan angle, this information is not located in the level-1B datasets, and cannot be updated on the level 1B

Calibration modules by definition are documention. This information is saved for future generations. This information is lost in the level 1B format.

If there are any future improvements not available today, they can be easily implemented in terms of a calibration module.

Migration of the data and the calibration knowledge to new platforms and programming languages is crucial to to keep the historical records at the same quality as todays climate quality record.







The ultimate research data flow

VIIRS Level 1A dataset

		VIIRS Calibration Module

		IDPS

		LandPEATE

		Ocean Color



		VIIRS Cloud Retrieval  Module

		Hiedinger

		Platnick

		Minnis-CERES



		Spatial and Temporal averaging Module

		Gridded

		daily



Verify the model  physics or natural variability mechanisms with GCM 

Reiterate GCM experiments

• This approach optimizes the calibration and retrieval for the process study being analyzed

• The processing would be performed on the fly from the level 1A dataset

• User would select the calibration, retrieval and averaging modules

• User would select the time and spatial domain, format, and parameters, user downloads only data needed.

• User would get the latest calibration and retrieval algorithms

• The slowest part of any processing process is I/O, the only I/O would be the reading of the level-1A and the writing the file for the user. Processing is on the fly and optimized for the user, not all codes need to be run.



Level 1B

Level 2

Level 3





DCC invariant target method

Use pixel-level BT(11µm)<205 threshold to detect DCC pixels over the tropics

Use pixels within 40° view and solar angles, the Lambertian part

Histogram pixel radiance or reflectances on a monthly basis

DCC reflectance in VIS and NIR bands depends mainly on optical depth.

Use Hu et al. 2004 model to remove BRDF dependencies

For SWIR wavelengths (absorbing channels), the reflectance is a function of both optical depth and ice particle size.

With an increase in ice effective diameter, the absorption increases that is wavelength dependent





VIIRS band stability





For VIS/NIR bands the PDF mode is very stable over time and the Hu DCC BRDF model reduces the monthly noise

For SWIR bands the PDF mean is more stable than mode and there is a distinct seasonal cycle





Monthly VIIRS DCC PDFs









M5 (0.65µm)

M7 (0.86µm)

M11 (2.25µm)
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For VIS/NIR bands the PDF mode is very stable over time

For SWIR bands the PDFs have a seasonal cycle

The seasonal variability in spatial and temporal distribution of DCC SWIR radiance is annually repeatable.

Build channel specific BRDFs using DCC pixel level data





All season BRDFs



Chi = the angular bin reflectance divided by the albedo (integrate the view and azimuthal reflectance)

For VIS/NIR bands the BRDF is very similar

For SWIR bands the BRDF is unique for each band

The 1.24µm channel is the most Lambertian 





Monthly BRDFs VIIRS M11 (2.25µm) 



Each month also has a unique BRDF structure for SWIR channels

For VIS/NIR band there was no monthly BRDF dependence

The DCC reflectance is a function of the spatial and temporal distribution of DCC, which has a seasonal cycle and repeats annually







DCC BRDF deseasonalization efficiency



Table of linear fit standard errors in % of monthly DCC PDF-mode radiances

The deasonalized linear fit standard error is in ()

The BRDF model is very efficient in removing the seasonal variation





PDF comparison





No BRDF

Monthly BRDF





Can the monthly BRDFs be applied to MODIS?

To develop monthly BRDF models takes several years of data

Deasonalization also takes more than two years of data

Can the monthly BRDFs from NPP-VIIRS be applied Aqua-MODIS, which are in the same sun-synchronous orbit? Yes

This method can be used to assess the stability of J1-VIIRS soon after launch







GEO invariant target methods







Met-10, within 0.3%

Met-2, within 1.1%

Met-5, within 0.5%

Desert was characterized using Met-9 referenced to Aqua-MODIS B1

DCC was characterized over the GEO-domain using Aqua-MODIS

Both all-sky ocean and DCC ray-matching transfers the Aqua-MODIS calibration directly

Once invariant target characterized, then can be applied historically and in the future if the GEO scanning schedule is similar







GOES-8 SRF changing





GOES-8 1994-2003

GOES-8, 2000-2004

Desert is spectrally red, whereas DCC are spectrally flat over the GOES-8 SRF

It is known the SRFs degrade faster for shorter than for longer wavelengths

Therefor DCC would have a greater gain over time than deserts

Also there is only 0.3% gain difference between DCC and deserts for GOES-12 (2003-2011) 





Decoster et al. 2013, also documented spectral degradation for Met-7

Yves Govaerts working on Met-7 SRF degradation over time





GMS-4 non-linear response



Unlike GOES-8, for GMS-4 the desert gains are increasing more than DCC

Ray-match GMS-4 and NOAA-11 AVHRR to check sensor response for linearity





All-sky ocean ray-matching





GEO calibration with CLARREO

Calibrate VIIRS with CLARREO to transfer the absolute calibration to VIIRS

This will be the primary method of GEO calibration

Invariant target characterization designed for each of the 5 GEO domains

Ray-match GEO and CLARREO visible radiances, GEO to VIIRS, to calibrate the GEO as a reference sensor for the GEO domain.

Once the reference GEO sensor has been absolutely calibrated, it can then be used to characterize invariant targets. 

Directly characterize invariant targets with GEO viewing geometry, GEOs are always located in the same location and scanning schedule

Possibly look at other GEO onboard calibration issues

Mainly diurnal effects on GEO calibration, Pathfinder on ISS

RVS, response linearity 

It does not look like that Pathfinder will be in space long enough to unravel the SRF degradation of broadband GEO visible bands





Conclusions

Is there a case to be made for calibration modules to reduce the latency between calibration versions and reduce data volume?

DCC invariant target method can asses the stability of VIS/NIR and SWIR bands soon after launch, for example J-1 VIIRS

The CLARREO instrument can characterize ground targets for GEOs as well as inter-calibrate NPP-VIIRS, to provide a reference calibration for GEO inter-calibration

Multiple invariant targets, characterized by CLARREO and ray-matching with CLARREO can asses sensor performance with respect to diurnal effects, spectral response changes, sensor response linearity, as well as calibrate the sensor
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CLARREO Pathfinder
Project Overview and Scope

CLARREO Pathfinder will demonstrate essential measurement technologies for the Reflected Solar portions of the CLARREO Tier 1 Decadal Survey Mission

Demonstrate on orbit, high accuracy, SI-Traceable calibration

Demonstrate ability to transfer this calibration to other on-orbit assets

Formulation, implementation, launch, operation, and analysis of measurements from a Reflected Solar (RS) Spectrometer, launched to the International Space Station (ISS)

Category 3 / Class D Mission, nominal 1-year mission life + 1 year science data analysis

Targeted for launch in early CY2022

Project execution authority assigned to NASA LaRC

Authority to Proceed received April 11, 2016

Instrument Payload

Spectrally-Resolved Earth Reflectance

CLARREO Pathfinder is not the end, it is a critical step along the way to a full CLARREO Mission.
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CLARREO Pathfinder:
Baseline Mission Objectives





Objective #1:  Demonstrate the ability to conduct, on orbit, SI-Traceable calibration of measured scene spectral reflectance with an advanced accuracy over current on-orbit sensors using a reflected solar spectrometer flying on the International Space Station.

Objective #2:  Demonstrate the ability to use that improved accuracy to serve as an in orbit reference spectrometer for advanced intercalibration of other key satellite sensors across the reflected solar spectrum (350-2300 nm).

Demonstrate high accuracy SI-Traceable Calibration

Demonstrate Inter-Calibration Capabilities
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4

Science Observations

		Requirements		

		Solar and Lunar Views		Demonstrate On-Orbit SI-Traceable calibration accuracy

		Nadir Data Collection		High accuracy, spectrally-resolved, geolocated data of Earth solar reflectance

		Earth-views matched in time, space, viewing angle, and spectrum (visible) with CERES/RBI and VIIRS		Demonstrate inter-calibration with CERES/RBI and VIIRS  Possibilities:  SNPP, JPSS-1, JPSS-2 



		Additional Mission Opportunities		

		Inter-Calibration of Geosynchronous Imagers		Examples:  ABI on GOES-16,
EUMETSAT’s SEVIRI/GERB

		Inter-Calibration of Low Earth Orbit Imagers		Example:  Landsat imagers

		Measurements of Surface Sites (i.e. Deserts) (instrumented and non-instrumented)		Spectrally-resolved reflectance that can be used as calibration references for current/future Earth Science instruments

		Calibration of lunar irradiance		Potential ~10x improvement of current lunar irradiance standard, enabling the moon to be used as on-orbit calibration source for current / future Earth Science instruments 



Instrument payload will have the capabilities to achieve the additional mission opportunities

Priorities will be determined by a future CLARREO Pathfinder Science Team (anticipated FY19-20 start)
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Level 1 Requirements Summary

				Measurement Uncertainty		

		Demonstration Parameter		Baseline Requirement*		Threshold Requirement**

		Spectrally-Resolved Earth Reflectance (350 – 2300 nm):
SI-Traceable, referenced to spectral solar irradiance		≤ 0.3% (k = 1)		≤ 0.6% (k = 1)

		Spectrally-Integrated Earth Reflectance (350 – 2300 nm):
SI-traceable broadband (350 - 2300 nm) spectrally-integrated Earth reflectance with spectral accuracy weighted using global average Earth spectrally reflected energy		≤ 0.3% (k = 1)		≤ 0.6% (k = 1)

		On-Orbit Inter-Calibration***:  Demonstrate the ability to Inter-Calibrate with CERES/RBI short wave channel and VIIRS reflectance bands		≤ 0.3% (k = 1)		≤ 0.6% (k = 1)



  *Baseline requirement is within a factor of 2 of full CLARREO Tier-1 Decadal Survey Mission
    Requirements

**Threshold requirement is a factor of 2 (CERES) to 4 (VIIRS) better than current
    capabilities.

***Inter-calibration uncertainty are contributions from data matching noise.









CLARREO Pathfinder
Reflected Solar (RS) Spectrometer Description

Based on Hyper-Spectral Imager for Climate Science (HySICS) instrument

Developed by the University of Colorado Laboratory for Atmospheric and Space Physics (LASP) under NASA Earth Science Technology Office (ESTO) Instrument Incubator Program (IIP)

IIP Awards in 2007 and 2010

Push-broom Spectrometer

350-2300 nm spectral range

70km cross-track swath width

Previously demonstrated to achieve
accuracies approaching CLARREO
requirements for climate data records

Two-Axis Pointing System enables
solar / lunar / Earth viewing

Pointing system will be developed by LASP

Active stabilization for use on ISS

Leverages significant design heritage
from past programs – TSIS, GLORY, TIMED 



HySICS instrument has been previously flown on two high altitude balloon flights:  2013 and 2014
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CLARREO Pathfinder:
Location on ISS:  ELC-1 Site #3

CLARREO Pathfinder Payload will be installed on ExPRESS Logistics Carrier #1 (ELC-1) Site #3

Orientation:  ISS orbiting towards the reader



ELC-1

Site 3
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Project Status
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CLARREO Pathfinder Project Status 
as of November 16, 2017

CLARREO Pathfinder continues to operate in FY18

Currently in extended Phase A of Formulation

Project has been impacted by uncertainties resulting from the President’s FY18 Budget Request to Congress

Project received direction in late May, 2017 to suspend activities related to awarding the CLARREO Pathfinder prime contract and to develop alternative work plans for FY18 – Q1 and Q2

Impact thus far is an approximate 11-month delay in launch readiness date

Current Best Estimate of Launch Readiness Date is Q1, CY2022

Future activities are dependent upon the FY18 Congressional Appropriation

CLARREO Pathfinder passed a combined System Requirements Review / Mission Definition Review on July 25-27, 2017

Project did not proceed to KDP-B after SRR/MDR due to programmatic uncertainties

Pending new direction from NASA HQ, project anticipates conducting a delta-SRR in ~May 2018 as a precursor to KDP-B and initiation of Phase B activities

Project has retained strong support and advocacy within NASA Science Mission Directorate – Earth Science Division, and the Earth Systematic Missions Program Office
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CLARREO Project and Langley Research Center remain very supportive and interested in a future IR Pathfinder mission

The potential for a future IR Pathfinder is dependent upon the outcome of the next Decadal Survey



Prospects of a future IR Pathfinder
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CLARREO Pathfinder Primary Work Elements

Science Data

Management

Payload

Development



Demonstrate
High Accuracy

Calibration



Demonstrate

Inter-Calibration



Launch and

Accommodation

on ISS



Project

Management



Independent

Calibration



Science Data

Analysis

On-orbit
Operations











GSFC	LaRC



JSC / ISS	LASP
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CLARREO Pathfinder Data Products

13

		Data Product		Description		First Data Delivery after IOC		Maximum data latency after first release

		Level 0		Reconstructed, unprocessed instrument and payload data at full resolution, with any and all communications artifacts (e.g., synchronization frames, communications headers, duplicate data) removed.		4 months		48 hours

		Level 1b		Calibrated and geolocated observations at full resolution, annotated with ancillary information such as radiometric and geometric calibration coefficients and georeferencing parameters (e.g., platform ephemeris)		8 months		1 month

		Level 4		Time/angle/space matched inter-calibration data for reference (CPF) and target sensors (CERES and VIIRS),
scene information from target sensors (CERES and VIIRS), modeled parameters for estimated polarization
and radiometric corrections		10 months		6 months
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TRUTHS Cross-calibration Uncertainty Tool: Status and Way Forward



Javier Gorroño, Andrew C. Banks, Nigel P. Fox, Craig Underwood

CLARREO Pathfinder Inter-Calibration Workshop
NIA, 16th November 2017, Hampton, VA.

 

Welcome to the National Physical Laboratory
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Index and objectives

TRUTHS mission

Spectral knowledge

Spatial dimension

Temporal dimension

Uncertainty budget for TRUTHS

The way forward



Research objectives:

Evaluate the “inherent” uncertainty contributions of cross-calibration with case studies

Set up a suite of tools and methodologies useful for the exploitation and design of missions like TRUTHS or CLARREO, and

define the uncertainty contributions in a cross-calibration over specific sites using rigorous metrology.



Javier Gorroño, Andrew C. Banks, Nigel P. Fox, Craig Underwood, Radiometric inter-sensor cross-calibration uncertainty using a traceable high accuracy reference hyperspectral imager, In ISPRS Journal of Photogrammetry and Remote Sensing, Volume 130, 2017, Pages 393-417
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TRUTHS mission: Traceable Radiometry Underpinning Terrestrial and Helio- Studies











Takes terrestrial SI-traceability chain into orbit providing TOA radiance/reflectance factor 
(320 nm – 2400 nm) to:

Direct sampling of climate signals by TRUTHS’ sensors. 

Improving performance in other observing systems through reference calibrations.

Main mission requirements: 

Accuracy 320 - 2450 nm < 0.3 % (k=2)

> 200 (10 nm) channels continuously sampled globally at Nadir

Multi-angular spectrally resolved measurements of specific targets

50 m ground resolution (max.)













This is the maximum error observed for each band after fitting all bands simultaneously (residual error for individual bands after minimising the rms error across all bands). This is sensitive to starting wavelength – i.e. do you do 400 nm – 410 nm or 401 nm – 411 nm. So the red and blue versions are for maximum and minimum residuals for all the starting wavelength options. 
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Method links the preliminary imager design of SSTL to final application results.

Spectral dimension: methodology

Sentinel 2 MSI – TRUTHS comparison

Convolution of S2 band (black line) and MODTRAN TOA radiance (black line)

Convolution of S2 band (black line) and MODTRAN TRUTHS radiance (red line)

















This is the maximum error observed for each band after fitting all bands simultaneously (residual error for individual bands after minimising the rms error across all bands). This is sensitive to starting wavelength – i.e. do you do 400 nm – 410 nm or 401 nm – 411 nm. So the red and blue versions are for maximum and minimum residuals for all the starting wavelength options. 
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Spectral dimension: sampling/resolution
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0.3 %





TOA radiance simulated as generic desert case with:

Results for multiple interpolation combinations

Potential positioning of array (wavelength spectral shift)

A potential criteria to select the best positioning/interpolation is an RMS of sampling error for VNIR and SWIR bands (select best and worst combination)

Results <0.3% for most bands S2 and <0.5% for S3 OLCI in no absorption bands



±0.5 %

S2 MSI				S3 OLCI













Spectral dimension: spectral knowledge
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Method:

TOA radiance spectrum n times with different centre wavelength and/or bandwidth each time, before convolving it with the S2 bands

Settings:

Uncertainty 0.2 nm (k = 1) central wavelength and bandwidth knowledge 

TOA spectral MODTRANv5 run at 0.1cm-1 for maximum sensitivity

MCM 10.000 iterations. 

Goal:

Simplified model to test the potential requirements in spectral knowledge













Spectral dimension: spectral binning
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Issue: B1 produces error >0.3% and Spectral binning >5 to maximise SNR (>1000)



Proposed: In a cross-calibration our SNR is more relaxed (required an ROI of pixels)!!! Possibility to program the FPGA on-board for the event (minimum impact on memory/other applications).



Results: B1 simulation w/o spectral binning shows a great reduction of sampling/resolution error with same spectral knowledge uncertainty (individual native band is more sensitive but more bands are integrated)



















Spectral dimensions: other sites
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Issue: other sites from desert might show different results



Proposed: grass, ocean and snow TOA spectral radiance simulations

snow simulation sub-arctic summer atmospheric model at 60 ° latitude SZA of 65 °.AOT and water vapour from AERONET in Greenland. 

Grassland and ocean mid latitude summer, June 22, same solar angles as the desert simulation but with AOT and water vapour data taken from La Crau for grassland, Ascension island for oceanic site.



Results:

















Spatial dimension: methodology



Methodology

Select a ROI

Create an error image by shifting the ROI over an enlarged area

Calculate the std. growing from the centre to produce a relationship of TOA reflectance uncertainty with geoposition knowledge

Validate by comparing L8 OLI to S2 MSI 

Objective:

Study the TOA radiometric uncertainty as a consequence of a geolocation uncertainty at a single overpass













Here we take an image pixel and we shift it relative to the centre. Each block in the colourful diagram is for a bigger or smaller shift up to 400 m. This is for La Crau (which was worse than Libya-4). Maximum shift was 400 m. The centre of the diagram corresponds to perfect overlapping (longitude/latitude scales are misleading – they are in absolute longitude/latitude when adding the arbitrary large number).



The plot on the bottom right then looks at the standard deviation of the error as you have increasing circles out from the middle of the colourful plot. With the right side being for the whole image. This is considered the uncertainty in not knowing the colocation to within 400 m. Since this increases linearly, we can make the assumption that for a 40 m colocation error it’s 10 times less.
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Spatial dimension: LaCrau
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~400 m

knowledge



Step 1. La Crau 400 × 400 m2 area centred at 43.556º N 4.858º E

(TOA reflectance factor)

Step 2. Error map of approximately 0.32 × 0.44 km2 

Step 3. Std growing from the centre offset vs TOA reflectance std 

Step 4. Comparison for L8 OLI ans S2 MSI

Pseudo-linear regression

~40 m

knowledge















Spatial dimension: Libya-4
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~5km

knowledge

Step 1. 28.55º N 23.39º E with a size of 20 km x 20 km (TOA reflectance factor)

Step 2. Error map of approximately 10 × 10 km2  

Step 3. Std growing from the centre offset vs TOA reflectance std 

Step 4. Comparison for L8 OLI and S2 MSI

Pseudo-linear regression

~500 m

knowledge

















Temporal dimension: methodology

Previous work: cross-calibration matchups were set to a global scale within a 5 minutes of delay between overpass. At that time delay, the temporal noise was found to be at the 1 % level and with sufficient samples the noise reduces to <0.3% (Wielicki et al., 2008)







Complementary work: Study of the achievable residual introduced by a correction in a delay overpass of 30 minutes over PICS (example of Libya-4).





Separate study for each of the individual effects…













Now looking at temporal effects. AT 443 nm this is dominated by the atmosphere and scattering changes. IT’s worse in winter than summer, as the sun goes through more atmosphere on the way down. It’s assumed we’d correct for this using a RTM, so we look at the difference between RTMs as the uncertainty.



At 865 nm the main effect is from inaccurately known surface BRF. Again this can be modelled to a certain extent. Here we have the results of a simulation (this time the summer is worse). The change in surface reflectance in 30 minutes was determined through MC modelling where the parameters from the Bouvet model were varied. You see an offset of about 0.6 %, with a spread of about 0.3 %. 
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Temporal dimension: atmospheric variation and radiative transfer code impact
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Summer solstice

Winter solstice

0.2 % 

Similar modelling using two different RTC to find TOA reflectance factor change in 30 minutes (if uncorrected) and RTC disagreement (if uncorrected)













Temporal domain: atmospheric knowledge
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		 		Day of Year 173 						Day of Year 355				

		 		443 nm		865 nm		2201 nm		443 nm		865 nm		2201 nm

		Mean		-0.0303		0.0919		0.4114		-0.8496		0.1169		0.9936

		Std. dev.		0.01 %		0.03 %		0.03 %		0.06 %		0.04 %		0.06 %

		Skewness		-1.2034		0.7712		0.0394		-0.5856		0.4006		-0.0853

		Excess Kurtosis		2.1070		0.2492		0.6763		-0.4073		-0.7570		0.0348



TOA radiance difference repeated nearly 1000 times 



AOT and water vapour from a normal distribution specified in Mishra et al. (2014a) as representative of Libya 4.



Results show the impact is below 0.1%













Temporal domain: atmospheric variation
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		 		Day of Year 173 						Day of Year 355				

		 		443 nm		865 nm		2201 nm		443 nm		865 nm		2201 nm

		Mean		12.4844		8.4809		0.5721		8.4381		5.4657		0.3482

		Std. dev.		0.57 %		0.30 %		1.53 %		0.86 %		0.67 %		1.91 %

		Skewness		0.5784		-1.0744		0.2772		0.7023		-0.7512		0.2995

		Excess Kurtosis		-0.3525		0.6615		0.1832		-0.0903		-0.0482		0.1838



In PICS the atmosphere will be largely stable in 30 min



Predict the worst case uncertainty as limit uncertainty in a temporal correction.

Previous AOT and water vapour variations have been used to study the 

TOA radiance dispersion at a point in time (before it was the dispersion of the correction!)













Temporal dimension: surface impact





16



0.6 %

0.3 %

Libya-4 RPV surface reflectance model from Bouvet (2014) taken as a reference.



The change in the surface reflectance over 30 minutes (solar illumination variation) has been repeated 10000 times. 

At each iteration the RPV parameters are samples out of normal distributions 5 % std.



Uncertainty of the four parameters in the RPV model assumed as uncorrelated.



Important the method since neither uncertainty of RPV model and correlation info are available.













Uncertainty budget for 
TRUTHS – satellite comparisons 
(single overpass – reduces for multiple overpasses)

		Uncertainty		Best S2 bands		Worst S2 bands

		Spectral resolution TRUTHS		0.1 %		0.6 %

		Spectral accuracy TRUTHS		0.1 %		0.2 %

		Spatial co-alignment mismatch		0.1 % (Libya)
0.12 % (La Crau)		0.1 % (Libya)
0.5 % (La Crau)

		30 minute time difference (atmospheric effects)		0.1 % (if corrected)

0.3 % 
(if atmosphere not known)		0.1 % (if corrected)

2 % (if atmosphere not known)

		30 minute time difference (surface BRF)		0.2 % 		0.4 %

		Combined with reasonable corrections		0.4 % - 0.5 %		0.7 %



Viewing angle and polarisation error not included!













The way forward

Short-term goal: refine previous modules and expand the uncertainty analysis to include polarisation and viewing angle effects.

Long-term goal: An end-to-end cross-calibration uncertainty tool. A tool capable of predicting the radiometric error for any crossing between a reference and target sensor and estimate the achievable uncertainty over the accumulated crossings also to evaluate potential spectral band shifts of sensors under test.				

 













Fundamental questions for the long-term studies:

Are errors independent? Up to what limit?

Is it better asynchronous or synchronous orbit in terms of uncertainty?

Which are the impacts in uncertainty convergence for different scenarios: corrections, constraints…?
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ROITHMAYR et al.: CLARREO APPROACH FOR REFERENCE INTERCALIBRATION OF REFLECTED SOLAR SENSORS



For each single event obtain SZA, VZA, SAA, VAA,lat/lon, time…

Associate site to a land class (e.g. IGBP) and atmospheric conditions (e.g. ECMWF data)

Calculate the error of the simulated event: spectral, temporal, spatial, viewing, polarisation…

Repeat the process to obtain an error distribution (i.e. uncertainty)















Thank you. Questions?
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CPF/HySICS
Inter-Calibration Performance Expectations

CLARREO Pathfinder Inter-Calibration Workshop



Pat Brown, Greg Kopp, Paul Smith



Laboratory for Atmospheric and Space Physics, Univ. of Colorado, Boulder, CO
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CPF-HySICS Inter-Calibration Capabilities



Aperture(s)

Slit

Fold Mirror

Grating

FPA

Vacuum Window

and Order Sorting Filter



HyperSpectral Imager for Climate Science (HySICS)



Instrument Summary

Pushbroom imaging spectrometer

Precision aperture stop in front of telescope

Low polarization sensitivity









		Parameter		Design Requirement

		Spatial Resolution		2.5 arcmin 

		Field of View (cross track)		10°

		IFOV		0.02°

		Wavelength Range		350-2300 nm

		Wavelength Resolution		6 nm, constant, Nyquist

		Aperture		0.5, 10, 20 mm diameter
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CPF-HySICS Inter-Calibration Capabilities

Radiometric Efficiency Is Calibrated On-Orbit Using the Sun



Aperture(s)

Slit

Fold Mirror

Grating

FPA

Vacuum Window

and Order Sorting Filter







Intentionally made Balloon/HySICS more sensitive in NIR where signal is weaker; will improve visible sensitivity for CPF/HySICS





CPF/HySICS Expected Grating Efficiency

Balloon/HySICS Grating Efficiency
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CPF-HySICS Inter-Calibration Capabilities

 Demonstrated HySICS on Two High-Altitude Balloon Flights

Intent: Demonstrate solar cross-calibration method of Earth-radiance scenes

Altitude: 37 km (120,000’)

2013 and 2014





Balloon/HySICS Team (HySICS view)
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CPF-HySICS Inter-Calibration Capabilities

Flat-Fields and Shot Noise Dominated Balloon Uncertainties
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CPF-HySICS Inter-Calibration Capabilities

Balloon/HySICS Uncertainties Published





Uncertainties are for a single pixel

For details see

Kopp et al., Geosci. Instrum. Method. Data Syst., 2017, doi:10.5194/gi-6-169-2017
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CPF-HySICS Inter-Calibration Capabilities

HySICS End Result – Radiometric Ground Images

Applying spectral solar-irradiance calibrations to the HySICS data yields radiometrically-calibrated data cubes

1233 nm
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CPF-HySICS Inter-Calibration Capabilities

HySICS Ground Scans Acquired from Balloon Flight #2





Radiometrically-calibrated Level 1A data cubes from high-altitude balloon flight available
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CPF-HySICS Inter-Calibration Capabilities

HySICS Cloud Scans Acquired from Balloon Flight #2

Radiometrically-calibrated Level 1A data cubes from high-altitude balloon flight available
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CPF-HySICS Inter-Calibration Capabilities

Earth Limb and Lunar Scans Acquired from HySICS Flight #2
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CPF-HySICS Inter-Calibration Capabilities

Improved flat-field calibrations using Earth-viewing optics

Lunar flat-fields at better phase angles and using multi-image dual-scan approach (see Kopp et al. 2017)

Acquire additional flat fields using Spectralon diffuser, particularly improving temporal filling

Improved thermal stability

Provided by second cryo-cooler and more stable thermal conditions due to true vacuum environment

Reduces background blackbody drifts and FPA sensitivity to thermal variations

Improves calibration durations of FPA, imaging optics, and spectral scale

Much broader spatial and temporal coverage



But there are some added un-improvements due to ISS compared to balloon platform

Severe limitations on frequency of solar- and lunar-calibration opportunities due to ISS structure

Will fill in with Spectralon flat-fields

More high-frequency jitter from pointing system

NASA’s Wallops Arc-Second Pointing (WASP) system used on balloon was incredibly good

Occasional observing limitations due to special ISS activities

Expected Improvements Due to Space-Borne Platform
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CPF-HySICS Inter-Calibration Capabilities

Expected Instrument-Specific Improvements

Improved grating provides lower uncertainties, higher visible signal, and less polarization

Increased intrinsic FPA gain improves ground-scene sensitivity

Improved lab calibrations reduces attenuation-method uncertainties



Uncertainty estimates for a spectrally-flat R=0.3 reflectance surface (per pixel)
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Products for Inter-Calibration

Calibrated Earth-scene radiances and reflectances

Acquired of overpass regions nearly simultaneously with and having nearly matching look-angles as other selected on-orbit sensors

Acquired of several vicarious ground-calibration sites

Lunar irradiances
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Data-Level Definitions – Level 0

Summary: All telemetered instrument and ancillary data; unprocessed; for data archive

Primary data: Contents of focal-plane-array images

Science scans of ground, Sun, Moon

Calibration scans of Sun, Moon (flat-fields, pointing, alignment)

Internal calibration measurements (darks, pen-ray)

State of image data

Each image is time-tagged

Images are in units of DNs

Image array columns and rows are merely counted sequentially (no useful units)

Ancillary data

Instrument temperatures [DNs]

Pointing information from HySICS gimbals and from ISS [DNs]

Desired (intended and planned) pointing information
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Data-Level Definitions – Level 1A

Summary: All ground- and lunar-scan data converted to calibrated radiance and/or reflectance units

Primary data: Calibrated scans of ground and Moon

Set of focal-plane-array images from each contiguous ground scan

Set of focal-plane-array images from each cross-slit lunar scan

State of image data

Each image is time-tagged [Julian Day]

Two image products: Images are in units of both reflectances [R/RSun] and radiances [W m-2 sr-1 nm-1]

All radiometric corrections are applied (i.e. darks, flat-fields, thermal background, spectral scale, attenuation corrections, solar-ratio, etc.)

Uncertainties are given for each pixel for both reflectance and radiance image-products

Image-array columns and rows are in units of relative spatial scale [m or arc-seconds] and spectral scale [nm]
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Data-Level Definitions – Level 1A

Summary: All ground- and lunar-scan data converted to calibrated radiance and/or reflectance units

Ancillary data

Pointing information for the look direction of each image is given (but no geo- or co-alignment corrections have been applied)

Desired (intended and planned) pointing information

Reference link to applicable SSI data set

Reference to flat-field calibration data sets (and possible extrapolations due to temperature change)

Reference to SSI calibration data set (and possible extrapolations due to temperature change)

Reference to pen-ray calibration data set (and possible extrapolations due to temperature change)

Metadata

Labels for type of data (to enable searching)

Ground scan

Lunar scan

Calibration type (flat-field, solar scan, dark measurement, pointing or alignment data)

Notes on look direction, data quality
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Data-Level Definitions – Level 1B (Primary Data)

Summary: All ground- and lunar-scan data converted to radiometrically-calibrated data cubes on desired spatial and spectral scales

Primary data: Calibrated data cubes of ground and Moon with each element binned to final scales

Data cube of each contiguous ground scan

Data cube of each cross-slit lunar scan

State of data

Two data-cube products: Each data cube is in units of both reflectances [R/RSun] and radiances [W m-2 sr-1 nm-1] with uncertainties given for each element

Data-cube axes are in units of absolute spatial scale [latitude/longitude for ground and RA/dec for Moon] in two axes and spectral scale [nm] in the other

Pointing corrections have been applied to provide uniformly-spaced scans of ground (with geolocation corrections applied) and of Moon (via interpolation or similar technique)

Each element in the data cube is time-tagged via the same interpolation technique used to create the uniformly-spaced ground scan [Julian Day]

Spectral corrections have been applied to desired wavelength grid
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CPF-HySICS Inter-Calibration Capabilities

CPF/HySICS Data-Level Definitions – Level 1B (Primary Data)

Summary: All ground- and lunar-scan data converted to radiometrically-calibrated data cubes on desired spatial and spectral scales

Metadata

Labels for type of data cube (to enable searching)

Ground scan

Lunar scan

Vicarious calibration site

Inter-calibration observation

Notes on look direction, data quality
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CPF-HySICS Inter-Calibration Capabilities

HySICS Pointing System (HPS)

2-axis brushless DC gimbal allows for large range-of-motion, high-bandwidth, high-accuracy pointing of the HySICS instrument

HPS can point at three primary targets

Earth target including:

Nadir viewing

Inter-calibration ground trajectories

Vicarious ground targets 

Solar target

Lunar target

ISS orbit-to-orbit attitude perturbations and base-motion jitter are compensated by HPS



See presentation by Pat Brown from splinter session on 15 Nov. 2017 for more details
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CPF-HySICS Inter-Calibration Capabilities
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Earth Pointing Operational Modes



Sub-ISS nadir point

ISS orbit track

Nadir push-broom imaging

Off-nadir push-broom imaging

Surface-site push-broom targeting

Surface-site tracking
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CPF-HySICS Inter-Calibration Capabilities
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HPS Earth Pointing

Angular pointing matching <1 deg (k=1) wrt CERES/VIIRS

Within ±10 minutes in time

Real-time guidance calculations account for ISS position and attitude uncertainty

Geolocation knowledge <250 m (k=1) achieved with star-tracker measurements

Star tracker provides medium-cadence (5 Hz), high-accuracy attitude knowledge (<10 arcsec) of the instrument baseplate

Geolocation knowledge also accounts for several other error sources: ISS position, timing, resolver accuracy, misalignments (static, thermal), jitter, etc.

Jitter expected to be < 10 arcsec (k=1) due to:

ISS base-motion disturbances

Being minimized through both passive (direct-drive, low-coupling gimbal design) and active (star-tracker measurements to generate equal & opposite gimbal command trajectories) attenuation techniques

SAGE III Disturbance Monitoring Package (DMP) data have been analyzed and indicate low-frequency (<1 Hz), low magnitude (<3 arcsec RMS) angular jitter that is consistent with on-orbit measurements by OPALS on ELC-1

Cryo-cooler induced disturbances

Initial estimates <3 arcseconds based on conservative cryo-cooler data

Risk reduction test plan is in process to measure and characterize the cryo-cooler disturbance environment

Actuator self-induced errors

Heritage TSIS controller has demonstrated < 5 arcseconds residual tracking errors





CPF Inter-Calibration Workshop

Hampton, VA	16 Nov. 2017

Brown, Kopp, Smith - p. ‹#›

CPF-HySICS Inter-Calibration Capabilities
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+X Ram

-X Wake

+Z Nadir

-Z Zenith

HPS can point at Earth, Sun, and Moon targets often enough to meet requirements but is limited by viewing obscuration due to ISS structure

10º

220º

15º

135º

+Z Nadir

-Z Zenith

+Y Starboard

-Y Port





HPS Gimbal Range for Inter-Calibrations
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Developing spectral polarization distribution models (PDMs) for CLARREO inter-calibration applications

Wenbo Sun, Bruce Wielicki, and Constantine Lukashin



  Introduction



  Radiation polarization fundamentals



  Correction of measurement errors caused by polarization of light



  The adding-doubling radiative transfer model (ADRTM)



  Modeling polarized radiation for various scene types



  Procedure for correction of satellite data with PDMs



  Summary

The CLARREO Pathfinder Inter-calibration Workshop November 14-16, 2017 in Hampton, VA. 





Introduction

Climatology requires highly accurate solar radiation data for climate trend.



Solar radiation from the Earth is polarized by Earth-atmosphere system during reflection and scattering.



Many satellite sensors have some polarization dependence. To ensure the accuracy of data, Polarization Distribution Models (PDMs) are needed to correct the polarization-induced error in measurements.



Empirical PDMs based on PARASOL data only have 3 channels, cannot be applied to all solar/viewing angles and other wavelengths. 



PDMs, based on RT models checked by measurements, over whole solar spectra and  all incidence and viewing geometries are needed for correction of polarization-induced measurement errors.











Effect of measurement accuracy for reflected solar radiance on both climate trend accuracy (vertical axis) as well as the time to detect trends (horizontal axis).

(Wielicki et al. BAMS 2013). 



The green vertical line for reflected solar shows the range of CMIP3 climate model simulations.

Climate trend detection needs highly accurate measurements









Sensors with polarization dependence have errors in their measurements due to the polarization of incidence.







Any arbitrarily polarized incoherent radiation can be represented by the linear sum of an unpolarized part and a 100% polarized part as





















Radiation polarization fundamentals





Correction of measurement errors caused by polarization





Correction of polarization error in intensity is done as









Relative error of measured intensity due to polarization

Instruments with 3% of polarization dependence have ~1% uncertainty solely due to a 30% DOP of light!





1. ADRTM:

    This can calculate full Stokes parameters  (I, Q, U, V). 

2. Atmospheric profiles: 

     Any atmosphere profile.

3. Spectral gas absorption: 

     Line-by-Line and k-distribution plus ozone cross-section table.

4. Molecular scattering: 

     Rayleigh with depolarization factor.

5. Particulate absorption and scattering:  

     Mie for water clouds (Gamma size distribution); 

     FDTD/DDA for aerosols;

     FDTD and GOM for ice clouds (dataset from Baum).

6. Surface reflection model: 

     Cox & Munk with Gram-Charlier expansion plus foam for ocean;

     Wave shadowing effect is integrated in the ocean surface model;

     Lambert model for water-leaving radiance from ocean water volume;

     Rough-surface model for desert/bare land;

     Rough-surface model for evergreen broad-leaf trees and grassland;

     Models for other vegetation land and snow surface are under development.







Status of the adding-doubling radiative transfer model (ADRTM) 







A layer of super-thin cirrus is added in ADRTM to approach to the PARASOL data for “clear” sky

















Comparing ADRTM results with PARASOL data at a wavelength of 670 nm and a SZA of 28 deg for clear oceans.



Modeling polarized radiation for various scene types





























Comparing ADRTM results with PARASOL data at a wavelength of 490 nm and a SZA of 56.94 deg for clear desert.





Comparing model results with satellite data at a wavelength of 490 nm and a SZA of 27.57 deg for evergreen broad-leaf trees





































Comparing model results with satellite data at a wavelength of 670 nm and a SZA of 43.61 deg for grassland













































Comparing ADRTM results with PARASOL data at a wavelength of 865 nm and a SZA of 54 deg for water clouds





Spectral reflectance and degree of polarization of solar radiation from 

oceans 









Phase function and degree of linear polarization of different natural particles



(Stam et al. 2004)

Why upper layer molecules have strong polarization? 





Spectral reflectance and degree of polarization of solar radiation from 

desert 









Spectral reflectance and degree of polarization of solar radiation from 

summer evergreen broad-leaf forest 









Spectral reflectance and degree of polarization of solar radiation from 

summer grassland









Spectral reflectance and degree of polarization of solar radiation from 

thick water clouds









Data/File Structure of the PDMs

Scenetype 1

Interface Program for PolCorrect

SZA 1

Band 1

         VAZ ……….

VZA  DOP/AOLP

 ……  ………………

SZA 2



Scene type 2



Band 2

Band 3



         VAZ ……….

VZA  DOP/AOLP

 ……  ………………

         VAZ ……….

VZA  DOP/AOLP

 ……  ………………







Reflectance

SceneID 

SZA

Wavelength

(VZA, VAZ)

Corrected Reflectance

SceneID 

SZA

Wavelength 

(VZA, VAZ)

Procedure for correction of satellite data with PDMs





Conclusion

The polarization states of reflected solar spectra for major Earth scenes are modeled for CLARREO PDMs. 



Ocean, as a special scene type, strongly polarizes light. However, all other scene types under CPF orbits only strongly polarize light at wavelengths shorter than approximately 0.9 microns. 



PDM programs are ready for CPF. Polarization correction program is also completed.



The spectral PDMs reduce the risk of the CPF mission by correcting measurement errors due to the polarization of spectrally-resolved reflected solar radiation.
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The Picket Fence Analogy

When the pickets of both fences ae aligned in the vertical
direction, a vertical vibration canmake it through both fences.

‘When the pickets of the second fence are horizontal, vertical
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Landsat & surface sites inter-calibration needs and priorities

K. Thome

CPF Intercalibration Workshop

16 November 2017	Hampton, VA





‹#›

CPF and land sensors

CPF can provide intercalibration data, characterize test sites, provide high quality data for algorithm evaluation

Key issues to consider

Expected constellations of land sensors

Difference between absolute and relative radiometric calibration

Pointing versus non-pointing activities

Most of the discussion will concentrate on pointing versus non-pointing

Psuedo Invariant Calibration Sites (PICS)

Instrumented vicarious calibration sites

Calibration of land imagers with direct intercalibration to CPF is not recommended

Ensuring support for the land community to access nadir-view CPF data for intercalibration is an important role for CPF







‹#›

CPF and land sensors

Land imagers are well suited for inter-calibration due to wide range of experience, near-nadir views, narrow swath systems



Coordinating with additional sensor teams for direct intercalibration will require additional resources

Loss of direct benchmark measurements

Conflicts with other sensors for inter-calibration

Alternate approach to direct intercalibration is to provide support for opportunistic nadir-view, near coincident cases

Mid-inclination orbit provides multiple opportunities

Tools already exist to provide the community with knowledge of intercalibration opportunities (e.g., CEOS COVE tool)

Providing tools for band convolution, image registration, atmospheric and solar view corrections will benefit users





‹#›

Required Accuracies for Land Applications

There are no current land applications that have shown a need for absolute uncertainty <3% (k=1)

Best current sensors have reflectance uncertainty of 3.6% (k=2) in mid-visible

Interconsistency has traditionally played a bigger role

Should be kept in mind that many users will want identical results from multiple sensors when viewing the same scene









‹#›

Harmonized Landsat / Sentinel-2 Products - Laramie County, WY



Noise in the plot at right can be due to

 - Intercalibration differences

 - Residual spectral effects

 - BRDF effects

 - Residual atmospheric impacts



Users will often want the differences to be forced to zero





‹#›

Pointing versus not pointing

Rest of discussion will concentrate on a list of sites recommended for evaluation for land applications

Propose a minimum list

Smaller number of sites with more extensive measurements better than many sites with fewer measurements

Selected site should be acquired whenever allowed within the conops

Goals of collections will be to provide data to evaluate key uncertainties for a small number of widely-used sites

Spectral effects – both atmospheric and surface

BRDF effects

BRDF characterization will drive the pointing of CPF

ISS precessing orbit and CPF pointing capability offer numerous benefits for test site characterization





‹#›

Pseudo-Invariant Calibration Sites (PICS)

PICS used for more than two decades for trending data from single sensors as well as intercalibration

Most applications down select the data they use

Limit range of incident solar zenith angles

Limit view angles

Modeling efforts rely on empirical fits and CPF can provide much better data for these data sets

Recommend that CPF plan to schedule a single PICS for full characterization

Use Libya-4 for planning purposes

Maintain contact with CEOS WGCV and GSICS for updates on test site usage and areal coverage

Acquisitions should provide square scene and collections at multiple 

Pointing requirements are order of kms relative to center o the site



















‹#›



RadCalNet is a network of automated radiometric calibration sites







Committee on Earth Observation Satellites Working Group on Calibration and Validation is working to network automated radiometric calibration sites to provide predicted top-of-atmosphere reflectance





RadCalNet - Radiometric Calibration Network





‹#›

On-site measurements with people are hard











TOA Spectral Radiance

TOA Reflectance

Landsat 8 OLI example

Automated field collections have been shown to provide results of similar accuracy as on-site personnel

ROSAS at La Crau, France

RadCaTS at Railroad Valley Playa, USA







‹#›



RadCalNet Sites so far











Baotou, China



Railroad Valley Playa, USA

>20 years working experience on site

4 radiometers, sun photometer, met station

Dry lakebed



La Crau, France

CIMEL photometer (12 bands) 

Pebbles and low vegetation

Site used since 1987 for calibration and instrumented since 1997

Baotou, China

Three automated spectrometers + sun photometer

Artificial target (white, black, and gray)

Operational since 2015



Gobabeb, Namibia

Sun photometer similar to La Crau) and met station

Sparse dry grass and gravel/sand

Installation in process





‹#›

RadCalNet recently completed Beta Testing Phase



Multiple groups given access to RadCalNet data from Railroad Valley, La Crau, and Baotou 

Feedback extremely positive and productive

Improvements to RadCalNet portal are being implemented



Beta testing demonstrated utility of the RadCalNet data sets

Results for two sensors from two of the sites shown here

Other results showed areas of study to understand the site uncertainties better







‹#›



CPF can help assess the site uncertainties

RadCalNet is relying on process outlined in NPL Uncertainty Analysis for Earth Observation course (www.meteoc.org/training.html)

Uncertainty budget includes:

Instrumentation accuracy and repeatability

Data sources

Spatial homogeneity of site

Radiative transfer code

Sampling

Processing assumptions

Analysis performed using a combination of literature, laboratory results, Monte Carlo analysis, image analyses





‹#›

Recommend Railroad Valley and Gobabeb

Overall site areas are on the order of 10 km by 10 km and both sites are suitable at the 500 m CPF resolution

Railroad Valley should offer many opportunities because of its higher latitude but suffers greater cloud contamination than Gobabeb

Gobabeb has limited history but has excellent spatial and climatological characteristics

Recommend collection of these two sites whenever possible and pointing should be used to obtain multi-angle views

Along-track acquisitions of 10 km will be sufficient

Pointing accuracy not important so long as knowledge meets current requirements













‹#›

Conclusions

Recommended three sites for CPF planning purposes – Libya4 PICS; Railroad Valley RadCalNet; Gobabeb RadCalNet



PICS will need square scenes with repeatable centers at the km scale

RadCalNet sites will need 10-km along track samples with geometric knowledge of current CPF requirements

Site characterization does not provide the same accuracy as direct interconsistency approaches

Fortunately, some sensors do not require full accuracy of CLARREO

Currently-used test sites would be understood to a level that should allow absolute calibrations rather than only trend analysis

Clearer understanding of Instrumented test sites and uncertainties caused by atmospheric and surface bi-directional effects

Nadir views by CPF will help with sites beyond the three listed









‹#›
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Outline

Purpose

Spectral Band Adjustment Factor (SBAF)

Accounts for inter-calibration relative spectral response (RSR), or spectral response function (SRF), disparities

Overview

Applications

Online SBAF Tools

SCIAMACHY

GOME-2 

Hyperion

IASI

AIRS

Other Tools

Spectral response function comparison tool

Visible band solar constant comparison tool

Earth-spectra plotting tool

Summary















Purpose

Provide SBAF tools for the GSICS and calibration communities

Goal: Consistent inter-sensor calibration and retrievals

Customizable

Based on hyperspectral datasets 

Capture scene conditions during inter-calibration events

Single web location for SBAFs based on best practices of the community

Success dependent on feedback

Inputs desired from users

New/updated/recommended SRFs

New/recalibrated/updated versions,  hyperspectral datasets, and/or paramaters

Welcoming suggestions

Spectral domains or scene types

Tool features

New subsetting options

Interface changes

Plotting controls















NASA Langley Satellite Calibration Webpage



https://satcorps.larc.nasa.gov









https://satcorps.larc.nasa.gov/cgi-bin/site/showdoc?mnemonic=SAT_CALIB_USER













Derive reference- and target-sensor pseudo radiance/reflectance (Lp) via hyperspectral convolution over each RSR to account for band difference/out-of-band absorption 

Derive reference- and target-sensor pseudo radiance/reflectance (Lp) via hyperspectral convolution over each RSR to account for band difference/out-of-band absorption 















Every Earth scene has a unique spectral reflectance signature







Spectral Band Adjustment Factor (SBAF)















Earth spectra plotting tool

(Sonoran Desert)

 

Spectral response function comparison tool

Derive Aqua-MODIS B1 and GOES-12 Ch1 pseudo radiance/reflectance (Lp) via SCIAMACHY convolution over each RSR to account for band difference/out-of-band absorption 

Spectral Band Adjustment Factor (SBAF)





















SCIAMACHY-based Visible SBAF Tool





Regression coefficient(s) define the SBAF



LMet-9-equivalent,MODIS = A2xLActual,MODIS2 + A1xLActual,MODIS + A0 























Choose from common Earth target (e.g., desert PICS, DCC, IGBP)

Full database of instrument/channel RSRs

Units in either radiance or reflectance

Linear or non-linear characterization

SBAFs computed on the spot

Advanced subsetting options can lead to reduce SBAF uncertainty for known conditions









SCIAMACHY-based Visible SBAF Tool















SCIAMACHY-based Visible SBAF Tool



Regression coefficient(s) define the SBAF

LMet-7-equivalent,MODIS = A2xLActual,MODIS2 + A1xLActual,MODIS + A0 



All-sky Tropical Ocean

Clear-sky Ocean

Bright Clouds







Met-7 pseudo radiance from convolution of Met-7 Ch. 1 SRF over the SCIAMACHY footprint spectra 













SBAF Dependency on Scene









Linear

2nd order

Force Fit

		Regression		StdErr (%)

		Linear through 0		4.0

		Linear		2.4

		2nd order		2.10

		3rd order		2.07





All-sky tropical ocean (ATO) SBAF is a function of scene type 

Unique SBAF for clear ocean

Unique SBAF for clouds

Unique SBAF for thick clouds

Radiance is dependent on the scene type

2nd-order fit accurately defines an SBAF that represent the multiple scene conditions











SBAF Dependency on Scene







		Scene Type		SBAF

		Clear ocean (ATO)		0.912

		Bright cloud (ATO)		0.880

		Libyan Desert (annual)		0.783

		DCC		0.872

		Equal reflectance		0.876







Deep Convective Clouds 

Libyan Desert

10% spectral-band-induced radiance difference between DCC and the Libyan Desert

DCC SBAF and equal reflectance (convolution over the solar constant) are similar because DCC are spectrally flat

















Seasonal/PW Spectral Dependency



		Libya		SBAF		SE (%)

		Winter		0.795 		1.01

		Spring		0.788 		1.08

		Summer		0.776 		0.84

		Fall		0.780 		1.06

		Annual		0.783		1.34









Summer

Winter

Libyan Desert seasonal SBAFs have reduced uncertainty compared to annual 

Likely due to the seasonal water vapor burden (highest in summer)

I.E. - 2.4% Libya-4 SBAF difference between summer and winter seasons

















PW

Season









Precipitable water (PW) load spectral difference follows seasonal spectral difference

Can have significant impact on SBAF for some bands (water absorption)



Seasonal/PW Spectral Dependency











a) Simple forced linear SBAF for Libyan Desert for a full PW range

b-e) SBAFs for specified precipitable water intervals: 6% DSBAF

Uncertainy for each subset less than overall uncertainty

SBAF changes systematically with adjusted precipitable water







PW: 0-3 g cm-2

PW: 0-0.75 g cm-2

PW: 0.75-1.5 g cm-2

PW: 1.5-2 g cm-2

PW: 2-3 g cm-2

Seasonal/PW Spectral Dependency















SBAF reduces relative gain difference of multiple independent calibration methods over various Earth spectra



Applications

2.7%







0.4%



ATO-RM



ATO-RM













Currently based on 4 seasonal months from 2008 and 2015

Balance between sampling and processing time

GOME-2 SBAF based on smaller footprint than SCIAMCHY

40x80 km2 before July 2013

40x40 km2 after July 2013

SCIAMACHY is 30x240 km2

Homogeneity more likely in smaller footprints





GOME-2-based Visible SBAF Tool











SBAF uncertainty 1.4% smaller using smaller footprints  

SBAF does not change, however











GOME-2-based Visible SBAF Tool

40x80 km2

40x40 km2





40x80 km2

40x40 km2



















Hyperion-based Visible SBAF Tool

Map displays entire record of Hyperion ground measurements

Irregular distribution due to nature of tasked retrieval























Hyperion-based Visible SBAF Tool



Map displays entire record of Hyperion ground measurements

Irregular distribution due to nature of tasked retrieval

Choose from pre-selections, enter own coordinates,    or draw a box



















Map displays entire record of Hyperion ground measurements

Irregular distribution due to nature of tasked retrieval

Choose from pre-selections, enter own coordinates,    or draw a box

Can be very selective







Hyperion-based Visible SBAF Tool















Simple cloud filter based on standard deviation thresholds across decimated Hyperion swath

Can have significant impact on derived SBAF











No Cloud Filter

Cloud Filter





No Cloud Filter

Cloud Filter

Hyperion-based Visible SBAF Tool













IASI-based IR SBAF Tool Update

Spectra domains geared toward satellite coverage

SBAF available in either radiance or brightness temperature units

11-μm BT subsetting, wavelength cutoff, and land mask additions driven by user requests

















Users conducting Overshooting Convective Top studies found it helpful to construct piece-wise SBAFs using limited ranges of 11-μm BT

Works for any channel SBAF, not just 11-μm















IASI-based IR SBAF Tool Update











A user suspected  SBAF uncertainty was caused by CO2 absorption band just beyond 4.0 μm















IASI-based IR SBAF Tool Update















Met-9 CH_5





Applications



Before SBAF



3rd-order Adjustment



After SBAF































3rd-order relationship of WV channels resolved by 3rd-order SBAF application





Applications























400 – 2500 nm

240 – 1750 nm

3600 – 15500 nm

240 – 790 nm



Applications

3740 – 4610 nm

6200 – 8220 nm

8800 – 15400 nm

SBAF possible for 0.24-2.50 μm via SCIAMACHY, Hyperion, and GOME-2

GOME-2 affords smaller footprint from shorter spectra range

IASI covers 3.60-15.5 μm

AIRS (NEW!) support grants enhanced scene selection for IR SBAFs

CLARREO Pathfinder, HySICS (??)













Solar Constant comparison tool





MODIS uses the MCST solar spectra to convert between reflectance and radiance

Important to use the same solar spectra when comparing multiple instruments









Scene specific SBAF crucial to account for spectral induced radiance differences when inter-calibrating two sensors

Subsetting for known scene conditions, angular, etc., will significantly reduce uncertainty of SBAF

Supporting the calibration community by providing open-access SBAF computation tools for consistent inter-satellite calibration and retrievals

Want to work with instrument teams to showcase highest-quality hyperspectral and scene information datasets, and latest RSRs

Welcoming user feedback, suggestions, and requests in order to keep the tool in the forefront of SBAF best practices 







Summary
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NASA LANGLEY CLOUD AND RADIATION RESEARCH

User Warning,
Please read !

Satellite Imagery And Cloud Products Page

This website provides real-time access to cloud retrieval information, this information, in addition to being available in real-time and
Real Time References near-real-time, expands the frontiers of knowledge and understanding by providing a foundation for research work in this area as well
as making this information available to the American public in the form of both imagery and data mining ready binary files.

Cloud and Radiation Group

Satellite Calibration:

Real-time and Historical Cloud Product Loops: The cloud products are derived with VISST/SIST algorithm. Select a domain from
the table below to access the real-time (blue cells) and archived products.
Langley Satellite Calibration
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Search:

— SatCORPS Group + Cloud Products + Satellite Imagery + Field Experiments + References

+ NASA Home Satellite Calibration Page
+ NASA LaRC Home

+ Science Directorate
+ SatCORPS Home

Calibration Coefficients
« AVHRR Calibration Coefficients

Satellite Calibration GEO Calibration Coefficients

o Pre-CERES_1.0 Link
o Pre-CERES_2.0 Link
o CERES-Ed4

o Terra to Aqua MODIS Scaling Factors (VIS/NIR/SWIR)
« Terra to Aqua MODIS Scaling Factors (IR)

o Terra MODIS C6 to C5 Scaling Factors

« Aqua MODIS C6 to C5 Scaling Factors

o Terra MODIS C6 to C6.1 Scaling Factors

« Aqua MODIS C6 to C6.1 Scaling Factors

« NPP VIIRS V001 to V03110 Scaling Factors

Spectral Band Adjustment Factors (SBAF)
o SCIAMACHY

HYPERION

GOME-2

SEARCH LANGLEY

l:l + GO 1ASI

AIRS (Coming soon)

NASA Fact

The Cassini spacecraft Spectral Plotting Tools
will fly close to Saturn

76 times and visit its + SCIAMACHY
moon Titan 45 times. » HYPERION (Coming soon)
The Huygens probe will « GOME-2

have the closest view of
Titan, and Titan will be

the most distant object Tools
from Earth ever to be

studied by a probel! « Satellite Spectral Response Function (SRF) comparison tool

« Satellite Visible Band Solar Constant Comparison Tool

+ More NASA facts... « IR Brightness Temperature Correction Coefficients for Conversion from Radiances

Publications
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Reflectance

Scene: sono

SCIAMACHY Reflectance

Count: 25
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Spectral Band Adjustment Factor

Spectral Band Adjustment Factor (SBAF) calculator based on SCIAMACHY visible hyper-spectral data.

Reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin, and C. O. Haney, "A web-based tool for
calculating spectral band difference adjustment factors derived from SCIAMACHY hyperspectral data," IEEE Trans. Geosci. Remote
Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Comments or feedback? Contact Ben Scarino

For this tool, SCIAMACHY data are limited to the continuous spectral range of Channels 1-6, or 0.24 - 1.75 pym.

Imager-equivalent "pseudo” radiance values are in units of wm2 pm"I sr™!. Pseudo scaled radiance, or reflectance, is a product of the
SRF-convolved radiance divided by the SRF-convolved SCIAMACHY solar constant and a factor of .

The “o-cutoff” feature under “advanced options” uses a default of 5xstandard error of the regression to exclude outliers. Set this to “0” to

remove this outlier filter.

The “Min X" and “Max X" feature under “advanced options” allows Users to limit the regression to x-axis values inside the selected

bounds.
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Spectral Band Adjustment Factor
Spectral Band Adjustment Factor (SBAF) calculator based on SCIAMACHY visible hyper-spectral data.

Reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin, and C. O. Haney, "A web-based tool for
calculating spectral band difference adjustment factors derived from SCIAMACHY hyperspectral data," IEEE Trans. Geosci. Remote
Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Comments or feedback? Contact Ben Scarino

For this tool, SCIAMACHY data are limited to the continuous spectral range of Channels 1-6, or 0.24 - 1.75 pym.

Imager-equivalent "pseudo” radiance values are in units of wm2 um"' sr™!. Pseudo scaled radiance, or reflectance, is a product of the
SRF-convolved radiance divided by the SRF-convolved SCIAMACHY solar constant and a factor of .

The “o-cutoff” feature under “advanced options” uses a default of 5xstandard error of the regression to exclude outliers. Set this to “0” to
remove this outlier filter.

The “Min X" and “Max X" feature under “advanced options” allows Users to limit the regression to x-axis values inside the selected
bounds.
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Spectral Band Adjustment Factor (GOME-2)

Spectral Band Adjustment Factor (SBAF) calculator based on GOME-2 visible hyper-spectral data.

Reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin, and C. O. Haney, "A web-based tool for
calculating spectral band difference adjustment factors derived from SCIAMACHY hyperspectral data," IEEE Trans. Geosci. Remote
Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

For this tool, Metop-A GOME-2 L1 radiance data are limited to the continuous spectral range of Channels 1-4, or 0.24 - 0.79 pm.

Imager-equivalent "pseudo” radiance values are in units of wm2 pm"I sl

For IGBP and Pseudo-Invariant Calibration Site (PICS), or desert, Earth Spectra selections, the GOME-2 data are limited to only those
footprints with 0% cloud fraction as determined from the GOME2_L1_radiance dataset.

Version 1.0.C GOME-2 (FM3) / Metop-A (M02) signal degradation correction coefficients have been applied.

Comments or feedback? Contact Ben Scarino
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Hyperion

Spectral Band Adjustment Factor (SBAF) calculator based on Hyperion visible hyper-spectral data.

If you use this tool for research, please reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin,
and C. O. Haney, "A web-based tool for calculating spectral band difference adjustment factors derived from SCIAMACHY
hyperspectral data," IEEE Trans. Geosci. Remote Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Note: Draw a box around areas of interest by holding the shift key down and then clicking and dragging.
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Hyperion

Spectral Band Adjustment Factor (SBAF) calculator based on Hyperion visible hyper-spectral data.

If you use this tool for research, please reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin,
and C. O. Haney, "A web-based tool for calculating spectral band difference adjustment factors derived from SCIAMACHY
hyperspectral data," IEEE Trans. Geosci. Remote Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Note: Draw a box around areas of interest by holding the shift key down and then clicking and dragging.

B & =w Lonaong p . R . -
. " § < 'Deuls(h‘lsqd" Ll o Ad LYV o B a
o § oA \ R
Wy Wl A % .
-] L e e

" F ...Sloven.skp ol L YKpaiHa = g F s

. i " > o . L

oy . ¥ b . .

Magya’orszég . Chf?e!nau

Zagrab ¥ Romania ‘, )
b Sl AN 3 o sl

rvatska p * Byl i
O\ ‘Cpﬁuja.. A ,ﬁuc‘f‘!eﬁ'

Bunrapns | ~, <
(T I e LR
Ckonje 3 amgp TC° o R A
y X0 lo oy -

Portugal R

-

(
Makod®

3 .
BHOSO "oy »
/ - . . . .
Ay i W §* TS .
? . .
ub e Tenfe . shall o
. -~
sle . e : . K.
Earth Spectra Reference Target
(Hyperion) (X-axis) SRF (Y-axis) SRF Units Regression
::?Eya l Himawari-9-AHI GOES-8 Pseudo Radiance Force Fit
ibya INSAT-3D GOES-9 Pseudo Scaled Radiance Linear
Libyan Desert Himawari-8-AHI 2nd Order
. Landsat-4-TM . .
Niger 1 Landsat-5-TM Himawari-9-AHI
Sonoran Desert Landsat-7-ETM! INSAT-3D Min SAZ 0.0133 N
Evergreen Needlelt N Landsat-4-TM 29.5

Evergreen Broadle
Deciduous Needle!
Deciduous Broadle
Mixed Forests
Closed Shrublands
Open Shrublands

Landsat-8-OLI
MSU-MR
MT-SCARAB
MTSAT
MTSAT-2

MetOp-A-AVHRR
MatOn-R-AVHRR

Landsat-5-TM
Landsat-7-ETMp
Landsat-8-OLI
MSU-MR
MT-SCARAB
MTSAT

Central Wavelength:

Central Wavelength:

( 0.71 Micron (1) 3)

( 0.64 Micron (3) 3)

Max SAZ |180.00

Min SZA 20.41

Max SZA |156.20

Start
End

W 225 |24 E

28
S

Cloud Filter ]

Plot







image36.png

Hyperion

Spectral Band Adjustment Factor (SBAF) calculator based on Hyperion visible hyper-spectral data.

If you use this tool for research, please reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin,

and C. O. Haney, "A web-based tool for calculating spectral band difference adjustment factors derived from SCIAMACHY
hyperspectral data," IEEE Trans. Geosci. Remote Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Note: Draw a box around areas of interest by holding the shift key down and then clicking and dragging.
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Spectral Band Adjustment Factor (IR)

Spectral Band Adjustment Factor (SBAF) calculator based on IASI hyper-spectral data.

Reference: B. R. Scarino, D. R. Doelling, P. Minnis, A. Gopalan, T. Chee, R. Bhatt, C. Lukashin, and C. O. Haney, "A web-based tool for
calculating spectral band difference adjustment factors derived from SCIAMACHY hyperspectral data," IEEE Trans. Geosci. Remote
Sens., vol. 54, no. 5, pp. 2529-2542, 2016.

Comments or feedback? Contact Ben Scarino

IASI covers the continuous spectral range of 3.6 - 15.5 um. When calculating an SBAF for any SRF that extends below 3.6 um, the IASI

spectrum is extrapolated toward lower wavelengths, using the Planck function, to account for the added range.
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Instrument Spatial Resolution Spectral Coverage/Resolution Data Availability
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40 x 40-km? FOV
960 km swath
Hyperion (VIS) 30-m FOV 220 Bands: 400 — 2500 nm Tasked
EQ-110:00 AM 7.5-km by 100-km- /10 nm
(Nov 2000 - present) along-track swath
IASI (IR) 12-km FOV 8461 Bands: 3600 — 15500 nm Continuous global
MetOp-A 9:30 AM 2200-km swath /0.5 cm!
(Oct 2006 — present)
AIRS (IR) 13.5-km FOV 2378 Bands: 3.74 - 4.61 pm Continuous global
Agqua 1:30 PM 1650-km swath 6.20 - 8.22 pm, 8.80 - 15.40 pm

(May 2002 — present)

/0.5-2.0 cm™!
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